Energy issue is a hot issue in the world today. In this paper, we build a series of models to analyze the energy efficiency in four states, namely Arizona, California, New Mexico and Texas. And we predict their energy consumption in the future. First, we classify energy according to two criteria and use MATLAB to analyze trends in energy usage in different states. We use multiple types of charts to display the relevant data. Second, we assess the energy efficiency of each state. By looking up scholarly resource, we decide to use the DEA model to evaluate energy efficiency. During the 50 years from 1960 to 2009, the average energy efficiency of Arizona, California, New Mexico and Texas are 0.997, 0.984, 0.983 and 0.987 respectively. The average efficiency of Arizona is the highest. As for cleaner renewable energy, their pure technology efficiencies are 0.982, 0.984, 0.954 and 0.982 respectively. The overall efficiency of four states is high and the differences between them are small. Meanwhile, Arizona and Texas have the highest efficiency. In the energy efficiency analysis in 2009, by comparing the scale efficiency, we conclude that Texas present the "best" profile. Third, we use gray forecast model to predict the future consumption of different types of energy sources in each state. In Arizona, for example, we expect energy consumption would reach 2617441.776 billion btu in 2025 and 5353152.658 billion btu in 2050. The fitting results of cleaner energy and renewable energy use are more accurate and will increase in a steady trend, while non-cleaner energy use would decrease. Finally, we test the DEA model and the gray forecast model and make some improvements in view of their shortcomings, which make the evaluation and prediction results more accurate. We also provide perspectives for further research.
Introduction

Background
Energy is the foundation for economic development and social progress and an important factor affecting the residential environment of mankind. In many aspects of development of society, such as industrialization, agricultural modernization and urbanization, energy plays a decisive role. Energy production and usage are a major portion of any economy. Thus, it is very important to analyze the energy profile and predict energy consumption structure of the future. In the United States, energy policy are decentralized to the state level.
Our Work
We not only analyze the performance of the energy efficiency of each state, and the usage of cleaner, renewable energy sources, but also predict the energy profile of each state in the future.
Our work can be divided into several parts:
 Analyze the energy profile for each of the four states based on the data provided. 
Assumptions and Parameters
Assumptions and Justifications
 Each variable is independent to each other  Ignore some minor energy losses  Sufficient energy sources are available  Adopt VRS variable model reward condition in DEA model  The world is actively using all technologies and energy sources to replace fossil fuels  Predict energy use only take a few key factors, other factors are temporarily ignored
Parameters
NOTATIONS DEFINITION
( 1, 2,..., ) j DMU j n  Independent decision-making unit. 
Energy Profile
In this section, we describe the energy profile in two methods respectively. In the first approach, we divide the energy-consuming sectors into four [2] :  Industrial  Transportation  Commercial  Residential Then we draw up line charts from the data of the past 50 years for each of the four departments in each state and analyze it. The consumption of energy of all sectors in Arizona has been increased over time, with transportation accounting for the major portion, with little difference between other sectors. However, due to the cleaner energy came into market, transportation consumption has been declined recently. The energy consumption of four sectors in California has been risen over time, with transportation and industrial consumption accounting for the main share [4] . However, due to the implementation of policies such as environmental protection policy, the upward trend of consumption in the transportation and industrial sectors began to gradually change into a downward and steady trend. Since the economy developed rapidly, there are discrepancies in the purchasing power of dollars [5] . In addition, the basic units of different energy sources are different. Therefore, we choose BTU as the uniform measure. The above are pie charts of the energy consumption of the four major sectors in the four states in 2009. We can conclude that in Arizona, California and New Mexico, transportation sector consumed most of the energy [6] . While the other sectors accounted for little difference. In Texas, however, residential sector consumes a major portion. Because of the different economic development in each state, composition ratio differs greatly.
In the latter process, we divide the energy into cleaner renewable, cleaner nonrenewable, non-cleaner non-renewable and non-cleaner renewable energy sources. And then draw up line charts with the consumption of these four energy sources in each state in the past 50 years. First, we divide the energy in the data into the four categories above. In California, the use of cleaner renewable and non-cleaner non-renewable energy both show a steady increasing rise but they had a stable difference; the utilization of cleaner non-renewable energy sources also showed a slight upward trend but it had an obvious fluctuation between 1960 and 1985; the use of non-cleaner non-renewable energy sources almost stabilized at a smaller value. In New Mexico, the use of cleaner renewable and non-renewable energy sources also show a steady increasing rise and the use of cleaner renewable energy will be almost catching up with the pollution of non-renewable energy sources in the latest future [7] . The use of cleaner non-renewable energy was demonstrated A greater volatility; the use of renewable sources of energy such as wood is also kept at a low level.
In TX, however, unlike the previous three states, the state's use of cleaner energy contaminated renewable energy and cleaner non-renewable energy are different compared with those of the previous states, but the other two energy uses witness a steady rise [8] . Meanwhile, the use of pollution of non-renewable energy are more stable than the use of cleaner renewable energy.
Introduction of DEA Model
The DEA method uses a mathematical programming model to evaluate the same type of decision making unit (DMU) A nonparametric statistical method of whether the unit is technology effective or not. Its theoretical basis is derived from the envelope thought put forward by Farrell. The first Model of DEA method (That is, the CCR-DEA model) was first proposed, in 1978, by three famous operational researchers, Charnes, Cooper and Rhodes. After more than 30 years of development, the theory of DEA was becoming more and more perfect and the method was becoming more and more mature. At present, it has become an important analytical tool in management science and evaluation technology and it has been successfully applied in many research fields [9] .
Assume there are n independent decision-making units ( ,the decision unit for the scale of income decrease, indicating that after the increasing input of the decision-making unit , the rate of the output growth will be less than the proportion of increase.
The difference between pure technical efficiency and scale efficiency is shown in the following figure. Decision-making unit I and G both have a kind of input X and a kind of output Y. CRS is the efficiency frontier with constant returns to scale and VRS is the efficiency frontier with variable returns to scale. Both decision-making units I and G are technical Invalid units, VRS is more compact than the CRS based on the data envelopment of the CRS and the VRS. Therefore, the efficiency value obtained by the CRS (That is, the technical efficiency TE) is less than or equal to the efficiency value obtained by the VRS (That is, the pure technical efficiency PTE). The product of the two is the scale efficiency SE. Take decision unit I as an example, its technical efficiency TE = HA / HI, pure technical efficiency PTE = HB / HI, and scale efficiency SE = HA / HB. By examining the curves of CRS and VRS, we can also find that when the decision-making units are produced on the CRS curve, they are in constant returns in scale. When the decision-making unit is produced on the VRS curve, it is in the state of variable returns in scale, and it will increase in scale on the KC segment, and decreases in scale on the CE segment.   , the decision-making unit can use the same input to obtain greater output, that is, under certain input conditions, the output can be increased in accordance with the same proportion  to the maximum.
The efficiency frontier between the DEA model and the DEA model is the same, but the calculation results may have some differences. However, Coelli thinks this different guidance method is much smaller than that caused by different calculation methods Differences. In most current efficiency studies, we choose input-oriented DEA models based primarily on the fact that decision-making units make it easier to control inputs relative to the output [11] .
The Application of DEA Model
We use the DEA model into our states' energy profile. And we can get the following details. can analyze it similarly.
In the past 50 years, CA has been inactive for 20 years, of which 1982 has the lowest efficiency of 0.918, which means the input can be reduced by a large margin.
In the past 50 years of NM, DEA was ineffective in 21 years, of which 1983 had the lowest efficiency of 0.884.
In the past 50 years of TX, there were 25 years with an efficiency of 1, compared with the same number of years in which DEA was ineffective.
Overall cleaner renewable energy input and output efficiency of each state: We set the output indicators of the DEA model only as the usage amount of cleaner renewable energy, and input indicators are as same as before, then we use DEA model again to measure the efficiency.
According to the result, in 1960-2009, the pure technology efficiencies of AZ, CA, NM and TX were 0.982, 0.973, 0.954 and 0.982. As same as before, the overall efficiency was high and the difference was not significant. Among them, AZ and TX had the highest efficiency. However, the average efficiency is obviously lower than the average efficiency of the previous case. It can be seen that there is still much space for improvement of their efficiency.
According to the table 2, AZ only had 20 years whose efficiency was 1 in 50 years. Through data analysis, we can see that if we keep the output unchanged and adjust the quantity and structure of input indicators, there will be a total redundancy of 650,500 people and 28.78 billion US dollars in 50 years.
For the remaining three states, from data analysis, the amount of years whose efficiency was 1 in CA was only 16, that in NM was only 13, and that in TX was only 18. There were also too much input redundancy. Difference analysis: After comparing input data from each state, we can conclude: 1. NM has the lowest efficiency in all DEA models because of the lowest per capita income. 2. Although per capita income in CA is the highest among the four states, energy efficiency is low among the four states as both population and energy prices are the highest.
3. Comparing AZ with TX, the per capita income and energy prices in AZ are almost the same as that of TX, but the population of AZ is much smaller than that of TX, so the energy efficiency of AZ is better than that of TX. 
Improved DEA Model
In the analysis of energy efficiency in 2009, we add more data into the model so that the model could be more accurate. Therefore we get an improved model. Hence we can get more accurate assessments. The data are shown in table 3. As we can see from the analysis in table 4, the scale efficiency of the four states are increasing in order, which indicates that the scale efficiency in TX is the best, showing the "best" profile. Note: Crste is the technical efficiency (aggregate efficiency) when the scale income are not taken into account. Vrste is the technical efficiency (purely technical efficiency) when considering the scale income. Scale is the scale efficiency when considering the scale income. Irs, drs, -are the returns of scale increasing, decreasing, the same.
Gray forecast model
Series Prediction GM (1,1) Model
GM model derived from the differential equation of gray system theory, G represents gray, M represents model, and Gm (1,1) represents first order, one variable differential equation model [11] .
The modeling process and mechanism of Gm (1,1) are as follows: Note the original data sequence ) 0 ( X as Non-negative sequence 
The corresponding generated data sequence is
Z is the nearest mean generating sequence for
is the Gm (1,1) model, where a , b are the parameter that needs to be solved by modeling, if
is the parameter column, and
Then find the solution of the differential equation 
Application of Gray Forecast Model
AZ CA NM TZ Figure 5 .1 As shown in the figures 5.1, we use the gray forecast method to establish the model based on the 50-years-data of each state and forecast them in the future. We predicted that the energy consumption of AZ in 2025 will be 2617441.776 bbtu and the energy consumption in 2050 will be 5353152.658 bbtu; the energy consumption of CA in 2025 will be 1132689.36 bbtu, the energy consumption in 2050 will be 1524565.47 bbtu; the energy consumption of NM in 2025 will be 898632.0662 bbtu, and the energy consumption will be 1263979.235 bbtu in 2050; TZ energy consumption in 2025 17427523. 18 bbtu, 2050 energy consumption 26694360.43 bbtu.
From the pie chart in figure 5 .2, we can see that NM has the largest proportion of cleaner energy and renewable energy, so it showed the best profile in energy mix in 2009 By the same forecasting method, we can get the predicted values of all kinds of energy sources in 2025 and 2050. The prediction of the usage amount of cleaner renewable energy sources is more accurate and will rise exponentially, and the use amount of non-cleaner energy sources will decrease [13] . Within a certain margin of error, the relevant predictive value is accurate. We use the abbreviation of the states and energy. Table 5 From the table 5, we can conclude the energy usage targets of the four states about the cleaner renewable energy.
The Suggestions of Using Cleaner Renewable Energy
Based on our model and data, we propose the following suggestions [14] :  Establish interstates cooperation standards and take a win-win cooperation and jointly develop energy sources  Release policies to promote the development of new industries Table 6 To sum up, our prediction is accurate within a certain margin of error.
Improved Model
Because of the limited amount of energy sources, the exponential growth of energy will lead to large errors in the long-term prediction. Therefore, for the long run, we consider using linear fit model to predict the relevant energy consumption. According to the data provided, we get the following linear formula [15] :
Y= 5930* year-1.159* 10^7
The projections for the energy consumption of the commercial sector in the state of AZ in 2025 and 2050 are as follows Table 7 In the improved model, the energy consumption of 2025 will be 418250 bbtu, 566500 bbtu in 2050. Other energy sources can also be predicted by the improved model. The new forecasting result will be more realistic.
Analysis of our Model
Strengths
As for the DEA model, we can see its merits as follow:
 Different from the efficiency evaluation method that can only deal with single output in the past, this method can handle multiple inputs and multiple outputs, and does not need to build a production function to estimate the parameters.
 The DEA method is independent of the input-output dimension. The DEA method does not affect the final efficiency assessment due to differences in measurement units, and as long as all DMUs use the same units of measurement, the efficiency value can still be calculated.
 DEA method is used to evaluate the efficiency of a comprehensive index. This indicator represents the use efficiency of resources and is suitable for describing the data of states' total productivity, and it allows comparisons of the efficiency among DMUs.
 The DEA approach suggests an improvement for inefficient DMUs. The DEA method, by analyzing slack variables, provides further insight into the use of inefficient DMU resources and suggests directions and sizes for their inefficient resources, providing policymakers with ways to improve efficiency.
As for gray forecast model, it is easy to show its benefits.
 Less modeling information, high precision  A variety of energy forecasts
Weaknesses
Of course, there are still many drawbacks of the DEA models.  The DEA method is only a relative efficiency assessment of DMU, not an absolute efficiency assessment. Therefore, DEA cannot completely replace the traditional ratio analysis of the absolute efficiency of the analysis.  The DEA method cannot measure negative output. The linear model assumption simplifies DEA analysis, but output is just the prerequisite for solving linear programming. If the output is negative, it cannot be measured by this method.
 The choice of inputs and outputs in the DEA method has a decisive effect on the efficiency assessment. Improper selection of inputs and outputs can affect the shape and location of the front of the production, thereby affecting the accuracy of the efficiency assessment.
As for gray forecast method, we have to admit its weaknesses.
 Regardless of the inherent mechanism of the system, large errors sometimes occur  Relatively less sample will result in greater error
Conclusion
Innovations
 On the basis of endogenous economic growth model, we add the constraint of energy and environment and discuss the problem of sustainable economic growth under the constraints of energy and environment.
 The gray system forecast model is constructed to predict the total energy demand. Meanwhile, DEA model assessing supply indicators and the cleaner energy components index of the four states is built respectively.
 By comprehensively using the transcendental logarithm production function and the forecast result of this paper, the correlation between GDP, population and energy is analyzed and compared, and the future values forecasted and energy efficiency improvement plans are given.
Summary
Through the above work, we complete the data analysis of energy documents, constructing the DEA model to evaluate the energy structure of each state and giving a better description of the efficiency of different energy sources through different evaluation factors. Then we conclude that the performance of TX is the best. Then, we forecast the energy consumption in 2025 and 2050 through the gray forecast model. And the growth of cleaner renewable energy basically shows an exponential growth. Based on our criteria, we proposed the governors a viable target for cleaner renewable energy use, making our contribution to the solution of the energy problem by synthesizing various data and model predictions.
